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Asymmetric reduction of prochiral ketones with the
reagent prepared from sodium borohydride and amino
deoxy sugars 1 - 3 containing a tertiary amino group and
two free hydroxyl groups is described. Maximum
asymmetric induction as high as 40.6% has been
achieved in the reduction of 4-phenyl-2-butanone with
6-diisopropylamino-6-deoxy-l, 2-0-isopropylidene-a-
0- glucofuranose 3 as additive.
Reduction of prochiral ketones to the respective
carbinols is a valueable transformation that has
been carried out under diverse reaction condi-
tions I. The most effective catalysts used for this
transformation include BINAL-H2, 2,5-
dimethylborolane-', (S)-lactic acid derivatives+,
(L)-tartaric acids, organometallic derivativess+,
biphenol", oxazaphaspholidinelv and ox-
azaborolidine family of compounds 1I.
Although in this type of hydride transfer process
many carbohydrate derivativesl2-19 have been used
successfully, some of which provide high optical
yields18,19, the possibility of using amino sugars
has not been systematically explored or general-
ised. The present study describes the use of some
amino deoxy sugars in the asymmetric reduction of
some unsymmetrical ketones viz. acetophenone,
propiophenone, benzylacetone, naphthophenone
and 4-bromobenzophenone in tetrahydrofuran as
solvent. The sugars used for this purpose include
6-dimethylamino-6-deoxy-l, 2-0-isopropylidene-
cc-o-glucofuranose 1, 6-diethylamino-6-deoxy-l,2-
O-isopropylidene-a-o-glucofuranose 2 and 6-
diisopropylamino-6-deoxy-l, 2-0-isopropylidene-





be the most efficient resulting in an optical yield of
40.6% in the reduction of benzyl acetone.
Results and Discussion
The asymmetric reduction of various ketones
with sodium borohydride in the presence of amino
deoxy sugars was carried out in tetrahydrofuran in
order to increase the interaction between sodium
borohydride and sugar, in contrast to that carried
out in some other solvent which .can either hydro-
gen bond with reactant or catalyst or which can
influence such hydrogen bonding. The amino de-
oxy sugars in these reductions play two important
roles (i) it interacts with sodium borohydride to
generate in situ a hydrophobic modification some-
what soluble in tetrahydrofuran, which is otherwise
less soluble and (ii) acts as outer chiral auxiliary
requisite for asymmetric induction. The former
role is confirmed by the observation that in the
absence of amino sugars the reductions were slug-
gish.
In all cases examined here asymmetric reduc-
tion takes place. The general trend of enantiose-
lectivity among the catalysts was 3 > 2 >1
(Table I). As proposed by Hirao et al.2o for hy-
droxymonosaccharide derivatives, these amino
deoxy sugars do not react with NaBH4 but seem to
interact strongly or make coordinate complexes
with it. These thus do not act as modified reagents
but only enter into the reaction as intermediate co-
ordinated complexes or solvates, which bring




used, it was found that the presence of more bulky
amino group led to more enantiose1ectivity. 6-
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Table 1- Asymmetric reduction ofprochiral ketones with reagents prepared from NaBH4 and some amino deoxy sugar cata-
lysts in tetrahydrofuran.
Sugar Ketone Yield (%) [a]025 Optical Yield (%)
1 Acetophenone 80 -2.82 5.40'
2 Acetophenone 82 -4.10 7.80'
3 Acetophenone 79 -6.54 12.50'
1 Propiophenone 70 -2.90 5.22b
2 Propiophenone 72 -4.10 7.38b
3 Propiophenone 72 -8.10 14.6b
1 4-Phenyl-2-butanone 78 -1.28 [a]o~O 40.0<
2 4-Phenyl-2-butanone 80 -1.30 40.6<
1 Naphthophenone 78 +0.78 [a]020 1.90d
2 Naphthophenone 72 +1.1.4 2.70d
1 4-Bromobenzophenone 72 -2.10 [a]020 10.6<
2 4-Bromobenzophenone 72 -2.70 13.6"
• Maximum value for- phenyl methyl carbinol for [a]o23 - 52.5° (c,2.27, CH2CI2)22.
b Maximum value for phenylethylcarbinol for [a]026 + 55.54° (c,8.0, Etp)23.
c Maximum value for 4-phenyl-2-butanol for [a]o22 - 3.2° (c,6.2, C6H6)24.
dMaximum value for phenylnaphthylcarbinol for [a]022 - 41.9° (c,5.0, C2HsDH)25
e Maximum value for 4-bromobenzhydrol for [a ]022+ 19.8° (c,5.0, C6H6)26.
Diisopropylamino derivative 3 was most efficient
in the reduction of acetophenone and propiophe-
none and where it was not used 6-diethylamino
derivative 2 was more efficient than its 6-
dimethylamino analog 1. As all these sugar cata-
lysts have same hydrophilic character, it seems as
if more hydrophobicity at carbon-6 of sugar moi-
ety leads to more enantioselectivity. It can be ex-
plained on the lines that firstly the increased hy-
drophobicity makes the NaBH4-sugar complex
more soluble in tetrahydrofuran thus making it
more effective and secondly the resulted rigidity
enhances the discrimination in the hydride transfer
process between the enantiotopic faces of the ke-
tone, which is more pronounced in the case of 3
being more sterically hindered.
All the N-substituted 6-amino-6-deoxy-1,2-0-
isopropylidene-D-glucofuranose derivatives 1 - 3
led to levorotatory carbinols in the reduction of
acetophenone, propiophenone, benzylacetone (4-
phenyl-2-butanone) and 4-bromobenzophenone,
however to dextrorotatory enantiomer in excess in
the case of naphthophenone. All these catalysts
provided carbinols enriched in S-enantiomers in
the case of acetophenone, propiophenone and
naphthophenone, whereas R-enantiomer enriched
analogs for remaimng prochiral ketones i.e. 4-
phenyl-Z-butanone and 4-bromobenzophenone.
Experimental Section
In a previous paper-t, we reported the synthesis
and characterization of title amino deoxy sugar
catalysts 1-3. Acetophenone and benzyl acetone
were distilled before use. All other ketones and
NaBH4 were L.R. grade reagents and were used as
obtained. Dried THF was used for present studies.
Column chromatography was performed on sil-
ica gel (60-120 mesh). Silica coated TLC plates
were used to detect the purified compounds. Spots
were developed in iodine vapours and/or by dilute
H2S04 spray ( 1% aqueous solution) followed by
charring. 1H NMR spectra were taken on Brucker
FT NMR 200 Spectrometer ( 200 MHz). Specific
rotations were determined on a JASCO DIP-360
digital polarimeter in a 1 dm cell. The NMR spec-
tra and specific' rotations were carried out at De-
partment of Chemistry, GND University, Amritsar,
Asymmetric reductions of prochiral ketones
with NaBH4 in the presence of amino deoxy
sugars : General procedure. To sodium borohy-
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dride ( 20 mmoles) in tetrahydrofuran ( 20 ml) was
added the respective amino deoxy sugar ( 20
mmoles) in THF ( 30 ml) and the mixture stirred
for 3 hr at 00e. The respective ketone ( 20
mmoles) was added and solution stirred for 48 hr
at room temperature. It was then hydrolysed with 1
N HCI. The reaction product was extracted with
solvent ether (2 x 25 ml). The combined extract
was washed with water (10 ml), dried (Na2S04)
and evaporated on water bath (40-50°C). The
crude product was subjected to column chromatog-
raphy. After elution with CH2C12, the purified
product was separated and confirmed by NMR
spectroscopy. No sugar catalyst was detected by
TLC ( dilute H2S04 spray and charring).
The polarimeter cell was washed with distilled
water, acetone and dried. It was rinsed and filled
with carbinol solution and rotation was noted.
Similar procedure was adopted for determining the
rotation (if any) of the blank solvent in which the
carbinol solution was prepared. The difference of
the carbinol solution and of the solvent gives the
net rotation for the sample.
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